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Introduction
Anti-inflammatory treatment with inhaled corticosteroids improves lung function, decreases symptoms, reduces asthma exacerbations, and has been the cornerstone of treatment for more than two decades.
1 Current guidelines recommend inhaled corticosteroids as first line treatments for patients with persistent asthma. 1 2 However, many patients remain symptomatic despite inhaled corticosteroid treatment, and inflammation of the airways may persist during treatment with inhaled and even oral corticosteroids. 3 Increasing the dose of inhaled corticosteroids is one therapeutic option. However, at higher doses side effects become a concern due to a narrow therapeutic index, and responses are variable, 4 implying that such doses may not necessarily treat asthma more effectively. Adding an inhaled long acting agonist to an inhaled corticosteroid is more effective in improving lung function and reducing symptoms 5 6 and asthma exacerbations. 7 Combination treatment is therefore recommended in current guidelines to achieve additional control.
1 2 An alternative approach is to add a leukotriene receptor antagonist to an inhaled corticosteroid. 8 Cysteinyl leukotrienes released by eosinophils and mast cells mediate pro-inflammatory events in asthma. 9 Montelukast is a leukotriene receptor antagonist that improves asthmatic inflammation and prevents bronchoconstriction. [10] [11] [12] The addition of a long acting agonist or a leukotriene receptor antagonist to inhaled corticosteroids has been shown to prevent exacerbations and improve quality of life, 13 14 but few data are available to compare the benefits of these alternative strategies. We report a randomised controlled trial of adding salmeterol or montelukast to an inhaled corticosteroid for patients who remained symptomatic while using an inhaled corticosteroid alone, which assessed the rate of asthma exacerbations over a one year period.
Methods

Study design and patients
This study was a randomised, double blind, double dummy, parallel group, multicentre study of 52 weeks
The full list of investigators appears on bmj.com including a four week run-in period when patients received non-blinded inhaled dry powder fluticasone 100 g twice daily. During the last two weeks of this period, single blind placebo salmeterol (metered dose inhaler) and placebo montelukast were added. A 48 week period of double blind, double dummy treatment followed, during which in addition to fluticasone 100 g twice daily, patients received either montelukast 10 mg once daily (in the evening) or salmeterol 50 g twice daily. Allocation numbers were sequentially assigned at each study site and were associated with treatment groups by use of a computer generated allocation schedule. Block randomisation was used at each site. The blinded, double dummy, clinical supplies were labelled with allocation numbers and patient instructions. The study was conducted between January 2000 and December 2001. Patients gave written informed consent.
Patients were aged 15-72 years and had a history of chronic asthma for one year or longer, a baseline forced expiratory volume in one second (FEV 1 ) of 50-90% predicted, and an improvement of 12% or more in FEV 1 or in morning peak expiratory flow (PEF) after using a agonist. Other inclusion criteria included regular use of an inhaled corticosteroid (equivalent to beclomethasone 200-1000 mg per day) for at least eight weeks before the run-in period, an average use of agonist of one puff or more per day, and a pre-specified minimum biweekly daytime symptom score. We excluded patients who received oral corticosteroids in the preceding month; chromones, leukotriene receptor antagonists, long acting inhaled or oral agonists, or inhaled anticholinergics during the preceding two weeks; and patients who received theophylline or antihistamines during the week preceding the first visit. A placebo arm was not included because the study was designed as a comparison with standard care in symptomatic patients and because of ethical concerns that it would be inappropriate not to provide active treatment to patients whose symptoms remained uncontrolled by fluticasone during the one year duration of the study.
The primary end point was the percentage of patients with at least one asthma exacerbation, defined as worsening asthma requiring an unscheduled visit to a doctor, emergency department, or hospital or treatment with oral, intravenous, or intramuscular corticosteroids. Secondary end points included asthma specific quality of life, 15 nocturnal awakenings, use of resources, mean FEV 1 values before and after using a agonist, and mean percentage increase in FEV 1 after using a agonist, mean morning peak expiratory flow, time to first asthma exacerbation, and peripheral blood eosinophil counts. Four Finnish centres assessed airway inflammation by marker assays in induced sputum in a subgroup of 41 patients (25 patients in the montelukast and 16 patients in the salmeterol group), as described earlier. 16 
Statistical analysis
We included all patients who received at least one day of double blind treatment in the modified analysis by intention to treat of asthma exacerbations (primary end point). We performed a modified analysis by intention to treat on all patients with prerandomisation baseline values and at least one measurement during the treatment period. We chose the sample size to provide 80% power to show that the risk of experiencing at least one asthma exacerbation with montelukast added to fluticasone was less than 1.33 times the same risk with salmeterol added to fluticasone. This sample size calculation used data from previous work 7 8 and was based on an assumed percentage of patients with asthma exacerbations equal to 23% on the combination of montelukast and fluticasone and equal to 24% on the combination of salmeterol and fluticasone. We used a generalised linear model with binomial distribution and logarithmic link function to calculate the ratio of the percentages of patients with asthma exacerbations in the two groups and 95% confidence intervals. We considered the combination of montelukast and fluticasone non-inferior to the combination of salmeterol and fluticasone if the upper limit of the two sided 95% confidence interval for the risk ratio was below 1.33. We chose 1.33 as our inferiority limit to preserve at least half of the active treatment effect and to represent a difference of 0.29 in the log scale. This corresponds to 44% of the effect of montelukast added to beclomethasone, which was 0.66 on the log scale. 8 This conforms to guidelines from the international conference on harmonisation, 17 which require the non-inferiority limit to be smaller than the difference observed versus placebo in superiority trials. We used the Kaplan-Meier method to estimate for each treatment group the cumulative percentage of patients with asthma exacerbations. We used Poisson regression with robust variance estimates for a secondary analysis of the number of asthma exacerbations.
We used an analysis of covariance model with effects for treatment and centre, and we used the baseline value as a covariate analysed differences in treatment for blood eosinophil count, asthma specific quality of life, nocturnal awakening, peak expiratory flow, and FEV 1 as a change from baseline. We used generalised linear models, similar to models used for analysing the percentage of patients with asthma exacerbations, to analyse differences between treatments for use of resources. We used Kaplan-Meier curves along with the corresponding Wilcoxon statistic to conduct analyses of the time to event for first asthma exacerbations and use of resources.
We included all randomised patients in the safety analyses. We assessed safety by statistical and clinical review of adverse experiences.
Results
Patient disposition and baseline characteristics
We screened 2144 patients from 148 sites and 37 countries, and 1490 were entered into the study. Of these, 747 participants were randomised to the montelukast-fluticasone group and 743 to the salmeterol-fluticasone group (table 1). Discontinuance of patients was similar between both treatment groups. We found no differences between the two groups for baseline characteristics (table 2), including history of nocturnal asthma or previous use of inhaled corticosteroids (dosage and type; data not shown). (table 3) . The difference was 1% (95% confidence interval − 3.1.% to 5.0%). The risk ratio (montelukast-fluticasone/salmeterol-fluticasone) was 1.05 (0.86 to 1.29). As the upper limit of the 95% confidence interval for the risk ratio was less than 1.33 we considered treatment with montelukast and fluticasone to be non-inferior to treatment with salmeterol and fluticasone. Results from a per protocol analysis confirmed the above result by intention to treat: the estimated risk ratio in the per protocol population was 1.02 (0.82 to 1.26). Analysis-by using the KaplanMeier method, which accounts for censored observations (such as dropouts)-of the estimated cumulative percentage of patients with an asthma exacerbation during the treatment period supported the primary analysis: montelukast and fluticasone 21.8% and salmeterol and fluticasone 20.6%, with the estimated risk ratio of 1.06 in favour of salmeterol and fluticasone (0.86 and 1.30). We found no difference between the two treatment groups in the time to the first asthma exacerbation (fig 1) .
Efficacy end points
An analysis of the distribution of patients according to the number of asthma exacerbations (1 to 6) showed no difference between the two groups. Of the patients in the montelukast-fluticasone group (n = 747), the proportion (number) with zero, one, two, three, or four to six asthma exacerbations was 79.9% (597), 13.7% (102), 3.5% (26), 2.0% (15), and 0.9% (7), respectively. Among the patients in the salmeterol-fluticasone group (n = 743), the comparable proportions (numbers) were 80.9% (601), 14.3% (106), 3.0% (22), 0.9% (7), and 0.9% (7) . Patients receiving montelukast and fluticasone averaged 0.37 exacerbations per year compared with 0.32 for patients receiving salmeterol and fluticasone. The characteristics of the exacerbations in both groups were identical (table 3) .
Both treatments significantly decreased nocturnal awakenings (number of nights per week) compared with baseline (P ≤ 0.001). The two groups showed no significant difference for nocturnal awakenings averaged over the 48 week treatment period (least squares mean (standard error) change from baseline was − 1.68 (0.06) nights per week (montelukast-fluticasone) versus − 1.74 (0.06) (salmeterol-fluticasone)). The asthma specific quality of life score significantly improved from baseline for both treatments (P ≤ 0.001): the least squares mean (SE) change from baseline was 0.71 (0.04) (montelukast-fluticasone group) versus 0.76 (0.04) (salmeterol-fluticasone group), with no significant difference between the two groups.
Patients in both treatment groups showed significant increases (P ≤ 0.001) from baseline in FEV 1 before using a agonist throughout the 48 week treatment period (least squares mean (SE) change from baseline of 0.11 (0.02) (montelukast-fluticasone) versus 0.19 (0.02) (salmeterol-fluticasone), P ≤ 0.001 for difference between groups). We found no significant difference between the treatment groups with respect to the change from baseline in FEV 1 after using a agonist fig 2) , whereas salmeterol added to fluticasone did not ( − 0.01 (0.01), P > 0.05). In the induced sputum subgroup study, the numbers of eosinophils in sputum decreased significantly over the 48 week period in the montelukastfluticasone group (mean eosinophil score from 1.52 to 0.91 (on a scale of 0-3), P < 0.005), whereas they did not change significantly in the salmeterol-fluticasone group (mean eosinophil score from 1.50 to 1.79).
Safety
Clinical adverse experiences were reported by 530 (71.0%) and 538 (72.4%) patients in the montelukastfluticasone and salmeterol-fluticasone groups, respectively. Patients receiving salmeterol and fluticasone had a significantly higher incidence of drug related adverse experiences compared with patients receiving montelukast and fluticasone (10.0% v 6.3%, P = 0.01). Patients receiving salmeterol and fluticasone also had a significantly higher incidence of serious adverse experiences (7.4% v 4.6%, P = 0.022). One patient in the salmeterolfluticasone group died 15 days after the start of treatment with a severe asthma attack that was reported by the investigator as possibly related to study treatment. Laboratory adverse experiences were reported by 83 (11.4%) and 85 (11.7%) patients in the montelukast-fluticasone and salmeterol-fluticasone groups, respectively. One patient reported serious laboratory adverse experiences (neutropenia; and increased lymphocytes, alanine aminotransferase, aspartate aminotransferase, and alkaline phosphatase) in the salmeterol-fluticasone group, and none in the montelukast-fluticasone group.
Discussion
Adding montelukast to the treatment of patients who continue to experience symptoms while receiving inhaled fluticasone is at least as effective as adding salmeterol to treatment in these patients. Furthermore, the difference in the proportion of patients with asthma exacerbations between the two treatment groups in our study was small, (1%, 95% confidence interval − 3.1 to 5.0), indicative of a difference that is not clinically important.
Asthma exacerbations increase morbidity and mortality in patients, decrease their quality of life, and increase the cost of treatment. The percentage of patients with asthma exacerbations was therefore chosen as the primary end point of this study. Asthma exacerbations occurred in only 19-20% of patients over one year, indicating good overall control in both treatment groups. By comparison, in another similarly designed study currently under analysis, the proportion of patients with an asthma exacerbation was found to be lower in patients treated with salmeterol. Our results compare favourably with those of a previously reported one year study, where high dose budesonide and formoterol provided protection against severe asthma exacerbations (defined as requiring treatment with oral glucocorticoids or causing a decrease in morning peak expiratory flow of more than 30% below the baseline value on two consecutive days) in about 81% of patients, with an estimated yearly asthma exacerbation rate of 0.34 per patient.
7
Added montelukast provides equivalent control to added salmeterol Given the importance of chronic inflammation in the pathogenesis of asthma, 18 international guidelines have assigned increasing importance to the use of anti-inflammatory agents such as inhaled corticosteroids.
1 Nevertheless, the addition of a second agent has been shown convincingly to reduce asthma exacerbations more than with inhaled corticosteroids alone. 7 19 Thus international guidelines now advocate treatment with long acting agonists added to inhaled corticosteroids. Treatment with leukotriene modifiers represents an alternative combination strategy. The production of cysteinyl leukotrienes has been shown to be unaffected by steroids, 20 21 and treatment with leukotriene receptor antagonists is known to suppress inflammation in asthma as well as prevent bronchoconstriction. The addition of a leukotriene receptor antagonist to an inhaled corticosteroid therefore represents a reasonable and alternative therapeutic option for the treatment of asthma patients whose symptoms remain uncontrolled on inhaled corticosteroids. The 95% confidence limit of 1.33 of the risk ratio was chosen before the study and was based on guidelines from the international conference on harmonisation. 17 The components of the primary end point (unscheduled visit to doctor or emergency department, admission to hospital, use of oral corticosteroids) were similar in both treatment groups. Both groups seemed to achieve good overall control: only 16% of patients in the montelukast-fluticasone group and 14% in the salmeterol-fluticasone group required oral corticosteroids compared with 32% in each group that had used oral corticosteroids for worsening asthma in the year preceding the study (data not shown). Also 12.6% of patients in the montelukastfluticasone group and 12.2% of patients in the salmeterol-fluticasone group had visits to health services, hospital, or emergency departments as opposed to 62% of patients in each group who made visits for worsening asthma during the previous year.
Comparison with other studies
Two short term (12 week) studies have compared asthma exacerbation rates in patients treated with either montelukast or salmeterol added to inhaled corticosteroids. Fish et al showed that the number of patients experiencing at least one exacerbation was similar in both groups (6% in the salmeterol group v 5% in the montelukast group). 22 In the study by Nelson et al exacerbation rates were lower in the salmeterol group (2% v 6%), but the patients included showed an excellent responsiveness to agonists (23-24%) ; the end point definition included elements of agonist responsiveness, and patients were followed for only 12 weeks. 23 In our study, although salmeterol and fluticasone seem to be initially more effective, confluence of the two lines representing the cumulative percentage of patients with asthma exacerbations is at approximately 15 weeks. This finding may account for the differences between the short term results reported by others and the longer term results reported in this paper.
Other efficacy end points
Both drugs significantly decreased the frequency of nocturnal awakening, a variable exacerbation of the underlying asthma condition that is associated with an increased influx of inflammatory cells, particularly lymphocytes, macrophages, and eosinophils, into the small and peripheral airways. 24 It is therefore reasonable to speculate that the protective effect seen with montelukast is due to its anti-inflammatory action in the small airways.
Measurement of patient-oriented assessments such as quality of life provides information on the impact of disease in patients with asthma. Both montelukast and salmeterol provided as add-on treatment to fluticasone were beneficial in improving the quality of life score, indicating improvement in the global assessment of disease control.
Lung function improved in both treatment groups. While the change in FEV 1 before a bronchodilator was used was significantly better with add-on salmeterol, FEV 1 after a bronchodilator had been used did not differ between the two groups, resulting in a comparatively significant loss of reversibility of FEV 1 in the salmeterol-fluticasone group over the year. This observation calls for a longer prospective trial looking at the effect of long term treatment with salmeterol and montelukast on the development of lung function over time.
Role of montelukast as an anti-inflammatory agent
The pathology of asthma is associated with the recruitment and influx of inflammatory cells such as eosinophils into airways and lung tissues. 25 Activated eosinophils release pro-inflammatory mediators such as cytokines and cysteinyl leukotrienes. Treatment with montelukast has been shown to result in a significant reduction in the concentrations of eosinophils in the sputum and peripheral blood of asthma patients, 26 implying a role for eosinophils in inflammatory processes associated with asthma. Our results show a significant difference in peripheral blood eosinophil counts between the two treatment groups and are similar to those from a previous study of patients with persistent asthma not controlled with inhaled corticosteroids. 27 The observation from the induced sputum subgroup study of a significant reduction in sputum eosinophils only in the montelukast group implies that the effect seen in peripheral blood also relates to antiinflammatory changes in the lung.
The mechanism behind the protective effect of long acting agonists on asthma exacerbations is not clear. Some studies have proposed a link between bronchial smooth muscle tone, reactivity, and inflammation, 28 and muscle cells by themselves may contribute to inflammation by mechanisms that are suppressed by salmeterol. 29 It is not certain if smooth muscle relaxation by itself could serve as a protective factor against asthma exacerbations. Although our data do not address such mechanistic processes, our results show that montelukast provides protection against asthma exacerbations equivalent to that provided by salmeterol. Combining an antiinflammatory agent such as montelukast, which also exhibits bronchodilator effects, with another antiinflammatory agent such as an inhaled corticosteroid to control asthma exacerbations may constitute a logical therapeutic option in the management of chronic asthma. The absence of tolerance with montelukast in long term treatment may also be an advantage. 12 30 Safety and tolerability-Both montelukast added to fluticasone and salmeterol added to fluticasone were generally well tolerated, with slightly more drug related and serious events in the salmeterol-fluticasone group compared with the montelukast-fluticasone group.
Conclusion
Current guidelines for the treatment of patients with moderate to persistent asthma recommend the use of an inhaled corticosteroid and, if needed, a long acting inhaled agonist. The results of this study imply that the addition of montelukast in patients whose symptoms remain uncontrolled with inhaled fluticasone could be as effective as adding salmeterol in protecting against asthma exacerbations. They therefore imply that the use of leukotriene receptor antagonists such as montelukast is an additional therapeutic option for these patients.
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What is already known on this subject
Modern asthma guidelines advocate the use of a combination of a controller and an inhaled corticosteroid in chronic asthma treatment Preventing asthma exacerbation is one of the most important goals in asthma management and represents a good indicator of the degree of overall disease control Both the long acting agonist salmeterol and the leukotriene receptor antagonist montelukast are known to reduce the risk for asthma exacerbation when combined with an inhaled corticosteroid No direct comparisons have been made between these drugs in a long term study where asthma exacerbation was the primary end point.
What this study adds
Adding montelukast to the treatment of patients whose symptoms remain uncontrolled with inhaled fluticasone could provide equivalent clinical control compared with adding salmeterol.
Leukotriene receptor antagonists may be an additional therapeutic option for these patients
